Xylem and phloem are the major conduits for the transport of water and solutes throughout the plant. Recent work has helped to elucidate the mechanisms that determine the identity and arrangement of these two tissues.
The advent of the plant vascular system is one of the defining moments in the evolution of life on earth: it made it possible for water and nutrients to be transported over distances impossible by diffusion alone, allowing plants to increase in size and more effectively invade land. The plant vascular system is composed of two conducting tissues, xylem and phloem [1] . Xylem conducts water and nutrients, obtained by the roots, to the above ground shoot portion of the plant and also serves an important role in structural support. Phloem, on the other hand, transports products of photosynthesis, including sucrose, from source tissues like mature leaves to sink tissues such as roots and immature aerial tissues. Despite the importance of plant vasculature, a mechanistic understanding of xylem and phloem differentiation has remained elusive. Recent studies [2, 3] have identified specific genetic components of early and late vascular patterning events in the model plant Arabidopsis thaliana.
In higher plants, vascular tissues are localized to discrete regions of the stem termed vascular bundles ( Figure 1A ). In Arabidopsis, collateral vascular bundles are formed in which the xylem develops on the internal or adaxial pole of the bundle, and phloem develops on the peripheral or abaxial bundle pole. Two families of genes have been shown to have antagonistic roles in determining adaxial and abaxial identity [4] . One encodes class III HD-ZIP proteins: plant-specific homeodomain-leucine-zipper-containing proteins which control adaxial identity [5, 6] . Gain-of-function alleles of such family members as PHABULOSA (PHB) and PHAVOLUTA (PHV) result in radialized leaves with ectopic adaxial identity. The dominant phb-1D allele also leads to the ectopic development of adaxial xylem tissue surrounding the phloem in leaf vascular bundles ( Figure 1B) . Loss-of-function mutations in REVOLUTA (REV) result in loss of interfascicular fibers, a structural tissue present between vascular bundles in the stem [7] . The second family, the KANADI genes, encode GARP transcriptional regulators which play important roles in controlling abaxial leaf identity; misexpression of a member of the KANADI family leads to a loss of vascular development [8, 9] . While alterating the function of genes in either of these two families can lead to defects in vascular patterning, what has been unclear, until now, is whether they control vascular patterning directly or whether the observed defects are an indirect consequence of underlying changes in leaf polarity.
Emery et al. (Figure 2A and B) . In the apl mutant, cells at the phloem poles are mis-specified and instead develop characteristics of xylem cells termed tracheary elements ( Figure 2C ). Using markers for the sieve elements and companion cells, Bonke et al. [2] confirmed the absence of phloem-specific cell types in apl mutants. The authors also noticed that the signature divisions which lead to the production of sieve elements and companion cells were delayed in apl mutants.
Bonke et al. [2] observed that APL is expressed in the protophloem and, subsequently, in companion cells and metaphloem. Interestingly, APL expression initiates after the asymmetric divisions that lead to the specific cell types of the phloem poles, even though these divisions are delayed in an apl mutant. This may indicate that APL acts cell non-autonomously to control these divisions. Bonke et al. [2] also monitored expression of a GFP-APL fusion protein, which they found is apparently expressed in a similar pattern to APL RNA, indicating that APL itself is unlikely to act as the cell non-autonomous factor. They propose the alternative that metabolic defects resulting from loss of phloem differentiation may be the underlying cause for delayed phloem-specific cell divisions.
Finally, as loss of apl activity results in the partial conversion of phloem into xylem-like tracheary element cells, Bonke et al. [2] wanted to determine if APL specifies phloem identity, at least partly, by suppressing xylem differentiation. Using a procambium-specific promoter to drive APL expression in transgenic plants, they found that ectopic APL expression was indeed able to suppress the differentiation of a certain class of xylem cells termed protoxylem. Examination of the affected cells by electron microscopy showed that these cells do not undergo autolysis as tracheary cells normally do. Importantly, the affected protoxylem cells retained their nuclei, indicating that they did not acquire phloem identity. Thus APL is necessary, but not sufficient, for phloem identity.
In the shoots of higher plants, xylem and phloem tissues are arranged into vascular bundles. The particular distribution of these tissues within the vascular bundle is distinctive, but can vary among plants [10] 
